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Both intraoperative endocardial mapping and surgical
ablation for ventricular arrhythmias have until now re-
quired a ventriculotomy. Such an incision may be as-
sociated with an increase in morbidity and mortality,
especiallywhen performed through friable myocardium.
A "closed heart" technique of intraoperative endocar-
dial mapping and ablation of ventricular arrhythmias
was developed in which a balloon array of 112electrodes
was introduced into the left ventricular cavity by a trans-
mitral approach. The array permitted safe delivery of
repeated electrical discharges of up to 150 J at each
electrode.
In four patients with coronary artery disease and no
ventricular aneurysm, this "closed heart" technique was
used to map and treat seven distinct ventricular tachy-
The surgical management of medically refractory ventricular
arrhythmias generally involves one of a number of ablative
procedures, including endocardial resection, encircling my-
otomy, cryothermia and, more recently, endocardial pho-
toablation. In order to preserve ventricular function, ablative
procedures are usually targeted toward the site of origin or
site of cryotermination of an arrhythmia. Such sites are
determined intraoperatively by endocardial mapping during
ventricular tachycardia. Until the present time, all reported
intraoperative endocardial mapping and ablative procedures
have required a ventriculotomy. It is thought by many sur-
geons that such an incision itself may be associated with an
increase in morbidity and mortality-especially when per-
formed through friable myocardium.
Recently we reported (l ,2) a method of mapping the left
ventricle that does not require a ventriculotomy. The trans-
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cardias. The time taken to map each tachycardia varied
from 3 to 13 minutes. Between 100 and 150 J was then
delivered at each of 10 to 42 electrode sites, and the
ablation procedure took 7 to 16 minutes per patient to
complete. One patient died 24 hours postoperatively from
preexisting thrombocytopenic purpura. There was no
significant deterioration in left ventricular function in
the three survivors and all have remained arrhythmia
free, without antiarrhythmic agents, for 4 to 11 months.
This technique offers a new method of surgical treat-
ment of ventricular tachycardia without ventriculotomy,
and is particularly suited to patients without a discern-
ible left ventricular aneurysm.
(J Am Coil Cardiol1987;10:1048-56)
mitral approach is used to introduce a balloon array into the
left ventricular cavity for mapping. Subsequently, it was
found that the same balloon array could be utilized not only
for mapping but also for successful electrical ablation, thus
obviating the need for both a ventriculotomy and ventricular
resection. This is a desirable development because left ven-
tricular resection at the time of coronary bypass surgery is
associated with a higher operative mortality (3) and a lower
survival rate (4) than otherwise expected. This paper reports
the results of balloon ablation in the first four patients.
Methods
The balloon electrode array (Fig. 1). A double latex
balloon was covered by a flexible nylon mesh. Silver beads,
2 mm in diameter, were used as electrodes. Each bead was
soldered to a 30 G multistranded stainless steel wire coated
with nylon. The beads were prebored to allow secure su-
turing to the fabric of the nylon mesh. In one version, the
electrode array comprised 110electrodes configured in the
manner shown in Figure 1B. A later version used 112 elec-
trodes arranged in 14 rows of eight (Fig. lC). The inter-
electrode distances varied from 1 to 3 cm.
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Figure 1. A, Inflated balloon electrode array. Two-millimeter
silver beads are secured by suture to a nylon mesh stretched over
a double latex balloon. The interelectrode distances vary from I
to 3 cm. B, Initial version of the balloon in a polar projection.
The electrode matrix used 110 electrodes arranged asymetrically.
When introduced into the left ventricular cavity, the matrix was
orientatedso that row A approximatedthe course of the left anterior
descending coronary artery so that the left side monitored septal
activation and the right side covered the free wall. C, Polar pro-
jection of a subsequent simplified matrix comprising 14 rows of
eight electrodes. In this case, row 0 was used to align the balloon
with the left anterior descending artery.
With the patient on cardiopulmonary bypass, the deflated
balloon array was introduced into the left ventricular cavity
across the mitral valve, The index row of the array was
marked by colored suture material and the balloon was or-
ientated to allow alignment of that row with the left anterior
descending coronary artery. The balloon was then gently
inflated with 5% dextrose in water until optimal local en-
docardial electrograms were observed on most electrodes.
The pressure in the balloon was carefully monitored throughout
to avoid the production of subendocardial ischemia (ST
depressions on the local unipolar electrograms) by ensuring
that the left ventricular diastolic pressure was less than 20
mm Hg,
Mapping system. A previously described (5) analog
mapping system was used to provide an on-line display of
cardiac activation. While endocardial activation was mon-
itored by the balloon array, epicardial activation was si-
multaneously monitored by a sock array of button electrodes
(6). Two hundred twenty-four local unipolar electrograms
and eight surface electrocardiographic (ECG) signals were
time-division multiplexed to generate one video signal that
was then recorded on a video cassette recorder. Each elec-
trogram was sampled at a rate of 960/s, which provided a
single bandwidth of 170 Hz (3 dll).
The peak negative dVldt of each local electrogram was
used to provide an on-line display of the moment of acti-
vation at each electrode, The threshold for display of ac-
tivation was adjustable from - I to - 5 Vis, This threshold
was adjusted to provide an activation display of the greatest
number of electrodes without causing spurious triggering
due to sensing of repolarization. Some low amplitude elec-
trograms and the first component of fractionated electro-
grams that exceeded this threshold were included in the
display. Regions with electrograms below this threshold
showed as defects in the activation display, This on-line
information was sufficient to identify sites of earliest acti-
vation and to suggest possible return paths across the ac-
tivation defects. The display system provided a video image
of the epicardial or endocardial electrode array depicted in
a polar projection. One hundred twenty video images per
second provided a temporal resolution of the activation se-
quence of 8.3 ms. The activation video images were re-
corded on a second video recorder, which allowed the en-
docardial or epicardial activation sequence to be reviewed
in slow motion, frame by frame.
Patient selection. All four treated patients had coronary
artery disease and recurrent ventricular tachycardia. They
required surgery either for urgent coronary revascularization
or for medically refractory tachycardia. Routine hemody-
namic and angiographic studies were performed on all pa-
tients and in each case revealed severe left ventricular dys-
function preoperatively without evidence of an aneurysm.
The final decision to use balloon ablation was made only
after direct inspection of the heart at surgery had confirmed
the absence of a resectable aneurysm. Informed consent was
obtained for intraoperative mapping and ablation as well as
for pre- and postoperative electrophysiologic studies that
were performed on all survivors.
Electrophysiologic studies. Preoperative electrophysi-
ologic studies were performed using programmed electrical
stimulation from the right ventricular apex or outflow tract
or the left ventricular apex. Stimuli used were twice the late
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Figure 2. Still frames from a high-
speed film before (left) and during
(right) a 300 J cathodal discharge in
a saline bath, A simplified balloon ar-
ray of 16electrodeswas used with the
electrodes arranged infourrowsof four.
Note that four gas spheres form only
over the dischargingelectrodes. There
is no evidence of discharge on any
adjacent electrodes.
diastolic threshold strength and 2 ms in duration. After a
basic train of eight stimuli at cycle lengths of 600, 500 or
400 ms, up to four programmed extrastimuli were used to
induce ventricular arrhythmias. Before the patient's dis-
charge from the hospital, a postoperative electrophysiologic
study using electrode catheters was performed in the cath-
eterization laboratory. At that time, the same stimulation
program at the sites that successfully induced tachycardia
before surgery was assessed. When no arrhythmia could be
induced, an additional extrastimulus was added as well as
burst pacing down to a basic cycle length of 230 ms. All
patients were on continuous ECG monitoring throughout
their hospital stay. Forty-eight hour Holter ECG recordings
were obtained at I week, 4 weeks, 3 months and every 4
months thereafter.
Mapping procedure. With the patient on cardiopul-
monary bypass, the sock electrode array was first positioned
over the epicardium, then the balloon array was introduced
into the left ventricular cavity. Both arrays were then ad-
justed to provide optimal displays of global epicardial ac-
tivation and left ventricular endocardial activation on the
on-line video system. Using the recipe found at preoperative
electrophysiologic testing, programmed electrical stimula-
tion was used to initiate the patient's ventricular tachycardia.
In a case where multiple tachycardia configurations were
known to exist, repeated attempts with up to four premature
stimuli and burst pacing were made to initiate all the known
configurations. Video recordings of the endocardial and epi-
cardial activation sequence during each tachycardia were
then reviewed, as previously detailed (6), frame by frame
in slow motion to identify sites of earliest activation and
possible return paths across activation defects in the display.
These regions formed the basis for choosing the target area
for ablation. In each case the on-line mapping information
was compared with that obtained retrospectively by man-
ually generated activation maps derived from the analog
signals recorded at the same time as the automatic on-line
display. The retrospective maps provided greater detail of
low amplitude activation but did not conflict with the on-
line data. They confirmed both the sites of earliest activation
within healthier subendocardium and the appropriateness of
the target region.
Ablation procedure. Once the site of earliest activation
was identified, preparations were made for electrical abla-
tion of the region encompassing that site. A Gould Statham
defibrillator was used to provide damped sinusoidal dis-
charges. Electrodes within the target region were connected
two at a time to the cathodal output while a back plate
normally used for surgical cautery was connected to the
anodal output. Each electrode received 100 to 150]. In one
patient, after completion of ablation, the preablation stim-
ulation protocol was repeated. If the tachycardia could still
be induced, the region of ablation was extended. At the end
of the procedure the balloon array was removed and care-
fully examined to ensure that none of the electrode beads
had become detached in the ventricle and that all the wires
were electrically intact. A fresh balloon array was con-
structed for each patient.
Experimental studies. The balloon array was originally
intended for endocardial mapping only. Experiments with
that array in a saline bath revealed that 36 G Teflon coated
stainless steel wire could not reliably withstand discharges
of more than 100 J. When the electrode wire was changed
to a 30 G, loads up to 300 ] per electrode could be carried
several times before the wire was disrupted. Figure 2 shows
frames obtained with high speed cinematography of the
moment of discharge of 300 ] at four electrodes on the
balloon. Film records of repeated discharges showed no
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Results
Case 1 (Fig. 4)
A 61 year old man had a 14 year history of coronary
artery disease marked by recurrent infarction and episodes
Figure 3. Voltage (V) and current (I) curves from 300 J and 200
J cathodal discharges to two electrodes on the balloon array im-
mersed in a saline bath, A Gould Statham defibrillator was used,
There is no evidence of significant voltage breakdown,
Four patients underwent intraoperative mapping and
ablation. A summary of their hemodynamic data and the
procedures that they underwent is shown in Table I and
electrophysiologic data are summarized in Table 2. Details
of each case are presented in the following text.
Case 2 (Fig. 5)
A 53 year old man began to have repeated syncopal
episodes due to recurrent ventricular tachycardia I year after
a myocardial infarction. He continued to have many daily
episodes of polymorphic ventricular tachycardia despite
treatment with multipleantiarrhythmic agents, including lid-
of acute coronary insufficiency. Two months before surgery
he began to have syncopal episodes believed to be due to
ventricular arrhythmia but not documented. Preoperative
electrophysio!ogic testing showed that two configurations
of sustained ventricular tachycardia could be easily induced
with programmed stimulation. These tachycardias were re-
fractory to procainamide and quinidine. Angiographic study
revealed diffuse global impairment of left ventricular con-
tractility with no evidence of a discrete aneurysm. Intra-
operative mapping showed that both configurations of ven-
tricular tachycardia originated in the same region in the
endocardium of the left ventricular apex (Fig. 4). The left
ventricular origin of the tachycardia was confirmed with
global epicardial mapping. Because of the lack of an an-
eurysm and the relatively discrete origin of the tachycardias,
it was decided to attempt an electrical ablation using the
balloon array, Ten electrodes in the targetregion were patched
to the defibrillator, and unipolar cathodal discharges of 200
J were then delivered, two electrodes at a time, with the
heart in sinus rhythm. Cardioplegia was then given, and the
patient received three aortocoronary bypass grafts.
Two weeks later, before discharge, the patient again
underwent electrophysiologic testing. Stimulation at two
basic cycle lengths using three premature stimuli, as well
as burst pacing down to a basic cycle length of 250 ms,
failed to induce any arrhythmia. The patient was discharged
without antiarrhythmic medication, and there have been no
spontaneous recurrences in II months of Holter monitor
follow-up. The ejection fraction postoperatively was slightly
reduced from 25 to 19%.
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evidence of discharge at inappropriate electrodes through
leakage or electrical shorts. Figure 3 shows typical voltage
and current curves obtained with 200 and 300 J discharges
at two electrodes on the balloon while it was immersed in
a saline bath. Again, there was no evidence of voltage
breakdown due to electrical shorts.
Table 1. Summary of Four Cases
Preoperative VT Induction
Case
2
3
4
Age EF* LVEDP Intraoperative
(yr) Diagnosis (%j (mm Hg) Procedures
61 Severe 3-vessel 25 22 Ablation + 3
CAD CABGs
53 Severe 3-vessel 20-39 23-27 Ablation + 5
CAD CABGs
62 Severe 3-vessel 30 24-27 Ablation + LIMA
CAD
60 Severe 3-vessel 20 24-33 Ablation + 4
CAD CABGs
Postoperative"
EF (%)
19
48
48
No, of
Extrastimuli
3
3
2
2
No, of
Configurations
2
*Determined radiologically from left ventriculogram; tdetermined from pertechnetate nuclear angiogram. CAD = coronary artery disease; CABG
= aortocoronary bypass graft; EF = ejection fraction; LIMA = left internal mammary artery implant; LVEDP = left ventricular end-diastolic pressure;
VT = ventricular tachycardia.
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Table 2. Electrophysiologic Data in Four Cases
No. of No. of Duration ofElectrophysiologic Procedure (min) Follow-upInduced Ablation Discharge Energy Period
Case Arrhythmias Sites Per Electrode (J) Induction Mapping Ablation Total (mo)
I 2 10 100 25 10 15 50 II
2 3 17 100 18 23 10 51 24 h
3 I 14 100 25 3 7 35 8
4 I 42 150 10+3+5 13 7 + 9 47 4
ocaine, procainamide, quinidine, mexiletine, tocainide, bre-
tyliumand amiodarone. Preoperative eiectrophysiologic study
showed polymorphic ventricular tachycardia induced with
three premature stimuli. The patient also developed idio-
pathic thrombocytopenic purpura. Because of worsening
refractory arrhythmias he underwent intraoperative mapping
and ablation. Programmed stimulation induced three con-
figurations of sustained monoform ventricular tachycardia.
Endocardial mapping revealed that one tachycardia had a
discrete origin in the inferior aspect of the left ventricle
(Fig. 5A). From there, activation proceeded on two di-
verging fronts that eventually formed a single broad front.
This conducted back toward the site of origin but stopped
4 em short. The total activation pattern was consistent with
an incomplete figure eight. A second tachycardia was due
to a continuously recirculating activation front moving around
the apex toward the septum and back again (Fig. 5B). A
third configuration of tachycardia had a discrete monore-
gional origin from which activation spread radially with no
evidence of a reentrant path (Fig. 5C). An ablation tract
was made by delivering 200 J at each pair of electrodes
within the area shown in Figure 50. The tract included the
origin of the first tachycardia and cut across the return limb
of the second tachycardia as well as the circuit of the third.
The patient went on to receive five aortocoronary bypass
grafts.
Initially the patient appeared to do well, but he suc-
cumbed 24 hours after surgery to uncontrolled bleeding
related to thrombocytopenia. Although the effects of the
ablation were not tested on restimulation, there were no
arrhythmias during the 24 hours that the patient survived.
This was in marked contrast to any other 24 hour period in
the 2 months prior to surgery that were marked by many
paroxysms of ventricular tachycardia.
Case 3 (Fig. 6)
A 62 year old man had an 8 year history of recurrent
ventricular tachycardia following a myocardial infarction in
1977. The tachycardia was controlled with aprindine after
treatment failures with procainamide, quinidine and amio-
darone. The patient was referred for urgent revascularization
after developing severe angina. Preoperative and intraoper-
ative electrophysiologic study, performed while he was re-
Figure 4. Case I. Endocardial maps and ablation site. A, Left
ventricular endocardial map of activation during one morphology
of ventricular tachycardia; 12 ms isochrones show a discrete site
of earliest activation located in the apex. Subsequent spread of
activation was radial with no suggestion of a reentrant path. B,
Twelve millisecond isochronal map of a second configuration of
ventricular tachycardia. The site of earliest activation is denoted
by a zero. Subsequent spread of activation was consistent with a
figure eight pattern in which two opposing fronts join to reenter
thesiteof origin. C, The region ablated. Five cathodal discharges
of 200 J were delivered to the electrodes within the region, two
electrodes at one time.
c
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Figure 5. Case 2. Endocardial maps and ablation tract. A, Ac-
tivation map of one configuration of ventricular tachycardia; the
site of earliest origin was on the inferior aspect of the left ventricle
midway between the apex and base. Activation then proceeded on
two diverging fronts that combined to form a single broad front.
This moved back toward the site of origin but stopped 4 em short
of the origin. The activation pattern described an incomplete figure
eight. B, The activation map of a second configuration of ven-
tricular tachycardia. A broad front of activation continuously cir-
culated around the apex. C, The activation pattern during a third
configuration of ventricular tachycardia. The site of earliest acti-
vation was a discrete region from which spread was radial with
no suggestion of a return path. D, The tract that was ablated; 17
electrodes each delivered 100 J of cathodal discharge.
ceivmg no antiarrhythmic agents, produced the clinical
tachycardia with two programmed extrastimuli. Global epi-
cardial and left ventricular endocardial mapping revealed
the site of earliest activation to be on the endocardial surface
of the anterior septum (Fig. 6A). Spread of activation pro-
ceeded on two fronts-one formed an abortive counter-
clockwise circle and the second moved in a completed clock-
wise circle. Because there was no evidence of a discrete
left ventricular aneurysm, it was elected to attempt electrical
ablation rather than an endocardial resection. Accordingly,
seven pairs of electrodes in the region shown in Fig. 68
received 200 J of cathodal discharge at each pair. No ar-
rhythmias were precipitated acutely by the discharges. The
patient then went on to receive three aortocoronary bypass
grafts.
Postoperatively at electrophysiologic testing no ventric-
ular arrhythmias could be induced with up to three premature
programmed stimuli or with burst pacing to a basic cycle
length of 230 ms. The patient was discharged without anti-
arrhythmic agents and there has been no spontaneous re-
currence of ventricular tachycardia in 8 months of follow-
up. Holter ECG recordings, obtained every 4 months, have
not revealed any significant rhythm disturbances. The left
ventricular ejection fraction, which was 30% preoperatively,
measured 48% at 8 months after surgery.
Case 4 (Fig. 7)
A 60 year old man with a 14 year history of coronary
artery disease began to have episodes of ventricular tachy-
cardia associated with syncope. Angiographic studies re-
vealed severe multi vessel coronary artery disease with a
75% stenosis of the left main stem. At preoperative elec-
trophysiologic study, self-terminating polymorphic ventric-
ular tachycardia was repeatedly induced with two premature
stimuli. At surgery, a sustained monoform ventricular tachy-
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Figure 6. Case 3. Endocardial map
and ablation tract. A, Activation map
obtained during ventricular tachycar-
dia. Zero indicates earliest 12 ms is-
ochrone from which activation pro-
ceeds on two fronts-an aborted
counterclockwise movement and a
completed clockwise circle. B, The 14
electrodes that delivered 100 J each.
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cardia was induced as well as polymorphic tachycardias.
Global epicardial and left ventricular endocardial maps re-
vealed that the sites of earliest activation of all the tachy-
cardias were found in a broad region in the endocardium of
the left ventricular apex (Fig. 7A). An encircling lesion of
ablation was produced by delivering 300 J to each pair of
electrodes shown within the area marked A in Fig. 7B.
However, at the end of this procedure, it was still possible
to induce the same tachycardia as before. Therefore, 300 J
was delivered to each pair of electrodes in the central apical
region marked B in Fig. 7B. After the supplementary abla-
tion it was no longer possible to induce any ventricular
arrhythmias on restimulation. The patient then received four
aortocoronary vein grafts.
Before discharge the patient underwent electrophysio-
logic testing. Three premature stimuli and burst pacing failed
to induce any ventricular arrhythmias and the patient was
discharged receiving no antiarrhythmic agents. There has
been no symptomatic recurrence and Holter ECG testing
has been negative in 4 months of follow-up. The left ven-
tricular ejection fraction was 20% before surgery and 48%
postoperatively.
Discussion
Avoidance of ventriculotomy. Traditionally, endocar-
dial mapping is performed by a handheld probe exploring
the endocardial surface of the heart through a ventriculotomy
(7). The technique is time consuming and can only be ap-
plied to sustained monoform ventricular tachycardia. To
overcome these limitations, simultaneous recordings have
been made from multiple endocardial electrodes mounted
on an inflatable balloon (8,9). These later techniques still
require a ventriculotomy for the introduction of a balloon
array into the ventricular cavity. In patients without a well
defined ventricular aneurysm, many surgeons believe that
ventriculotomy may be associated with an increase in mor-
tality and morbidity. Ventriculotomy may also inadvertently
disrupt or alter the behavior of the myocardial tissue re-
sponsible for the tachycardia under investigation. For these
Figure 7. Case 4. Endocardial map
and ablation tracts. A, Activation dur-
ing ventricular tachycardia starts in a
large apical region and spreads radi-
ally. B, The area initially ablated was
a circular tract around the apex indi-
cated by the stippled area A. The 28
electrodes in that region delivered 150
J each. Following this, ventricular
tachycardia could still be induced until
the enclosed region B was also ablated
with 150 J at each electrode.
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various reasons, we developed a balloon electrode array
suitable for intraoperative endocardial mapping that did not
require ventriculotomy for its introduction (1,2), The ques-
tion then arose whether electrical ablation through the map-
ping balloon could obviate the need for any surgical resec-
tion with its attendant risks (3,4),
Ablation with the balloon array. Modification of the
original mapping balloon allowed discharges of up to 300
J to be made on each electrode without disrupting the wire,
detaching the silver bead at its solder joint or electrical
shorting to the other electrodes. In the clinical application
it was decided to restrict the discharge energy to 100 to 150
J per electrode to remain well within the 300 J limit of the
wires. Although this was lower than energy levels used in
catheter ablation (10,11), it was conjectured that the tight
clustering of multiple discharges in the target region would
compensate for the lower energy levels. There was also
concern that higher energy levels would produce extensive
myocardial injury outside the target region and result in
further deterioration in left ventricular pump function, All
four patients had a severely compromised left ventricle at
the initiation of the study that could not be expected to
withstand further injury. In the event, the left ventricular
ejection fraction postoperatively was slightly reduced in only
one patient. The marked improvement in ejection fraction
in two patients may have been the result of improved vas-
cularization.
There was also concern about inadvertent injury to the
mitral valve apparatus produced by the ablations. A limi-
tation of mapping the intact ventricle with the balloon array
is that the position of the papillary muscles relative to the
electrode array is uncertain. Although an attempt is made
to align the index row of electrodes with the left anterior
descending coronary artery, in the course of being posi-
tioned and inflated the balloon array may distort and twist.
In the present circumstances, ablations were confined to
electrodes positioned in the apical half of the ventricle.
Despite this precaution, one patient (Case 4) was found to
have mild mitral insufficiency on a postoperative Doppler
flow study.
Role of revascularization. It is possible, but unlikely,
that revascularization played a major role in reducing the
patients' susceptibility to ventricular tachycardia, In the one
patient (Case 4) in whom time constraints allowed imme-
diate intraoperative testing, ventricular tachycardia induc-
tion was prevented by electrical ablation before revascular-
ization. In addition, the general observation (12-14) that
revascularization is an ineffective form of therapy for ven-
tricular tachycardia suggests that electrical ablation provided
arrhythmia control.
Value and limitations of balloon ablation. The time
taken to map and ablate was rather brief, ranging from 3
to 13 minutes for each tachycardia and 7 to 17 minutes for
each ablation. These brief demands on cardiopulmonary
bypass time coupled with the avoidance of ventriculotomy
make balloon ablation an attractive alternative to traditional
techniques in the surgical management of ventricular tachy-
cardia, Patients with poor left ventricular function may be
particularly suited for this approach. Although experience
so far has been limited to patients with coronary artery
disease, it may in the future be possible to consider patients
with congestive cardiomyopathy and refractory ventricular
arrhythmia.
One limitation of all mapping studies is that alone they
suggest, but do not establish, sites essential for sustaining
any arrhythmia. The site of origin of a tachycardia does not
always coincide with the site at which it can be terminated
(15). The balloon array allows immediate functional as-
sessment of an intervention in the intact heart with oppor-
tunities for repeated interventions as occurred in Case 4, In
future cases this may help to establish the functional sig-
nificance of excitation maps in the intact ventricle.
Addendum
In the 10 months that have elapsed since this manuscript
was written, a fifth patient with recurrent ventricular tachy-
cardia was successfully treated with balloon ablation and
has had no recurrence in 4 weeks of follow-up. Patients I
and 3 have remained arrhythmia-free, Patient 4 developed
symptomatic polymorphic runs of ventricular tachycardia
after 5 months. These have remained under control with
amiodarone, 200 mg/day, and tocainide, 400 mg three times
a day,
We gratefully acknowledge Grace Tai for excellent secretarial assistance
and the technical assistance of T. Chen. MD and G. Gray, BSc.
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